The aggregation factor (A.F) from the sponge
show that III1E6 prevents association of AF particles with collagen fibrils. By applying the techniques of immunoblotting and of protein-protein recognition on the solid phase in vitro, we could formulate the following series of events: the AF partide recognizes, with its 47-lw cell binding fragment, the aggregation receptor protein in the plasma membrane and with its core structure the collagen fibnils. These fibnils interact optionally, either via the same route or via the collagen assembly factor, with an adjacent cell surface.
These findings demonstrate that the #{192}Y particle is not only the key molecule for cell-cell adhesion but also a component of cell-matrix interactions.
(J Histochem
Cytochem 36:205-212, 1988) Collagen was prepared from the same source and was used for the expeniments either in the native state or after partial alkaline hydrolysis (4 on 8 hr, 20C) (12). The polyclonal antibodies against Geodia plasma membranes were raised in rabbits (16).
Buffers.
Iris-buffered Ca2 -and Mg2.free seawater (CMFSW) was made as described (17) producing antibodies against the core structure of the AF was selected. This mAb was identified as IgG3 by double immunodiffusion using class-specific goat anti-mouse antibodies. The Fab fragments of IgGs were prepared by papain digestion (23).
The mAb 5D2-D11, which is directed against the 47-KD cell binding protein of the AF, was characterized in an earlier contribution (8).
The preparation of the AF-mAb (III1E6)-protein A-gold suspension was performed as described (24). The washed AF preparation was suspended in 0.5 M ammonium acetate (pH 6.2) and analyzed by electron microscopy.
Interaction of mAbs with the AF In Vitro. AF 200 tg, either a native or an SDS-treated sample, was incubated in CMFSW (1 ml) with 10 tg of the mAb III1E6 or 5D2-Dl 1 at 20'C for 12 hr. Then the samples were treated with TRI1E-conjugated anti-mouse IgG and analyzed by gel filtration (Bio-Gel P-300) essentially as described (8) 
Results
The new mAb, raised in mice against the purified Geodia AF, was determined to react with structures on the surface of the sponge cells but also with a network in the extracellular space ( Figure  1 ). In control experiments (using an IgG preparation from nonimmunized mice) it was established that the mAb 1111E6 did not stain any structures after adsorption to the AF (not shown).
Effect of mAb 1111E6 on Cell-Cell Interaction
Influence on Cell Aggregation.
As reported in an earlier study (8) and also shown in Table  1 , Fab fragments of the IgG preparation from clone 5D2-D11 strongly abolished the AF activity. In contrast, the newly described mAb from the cell clone IIJ1E6 only weakly reduced the aggregation-promoting activity of the AF, compared to the mab 5D2-D11 (Table 1) . When these were given in combi- .lI . F Figure 4 . Detergent-treated AF before (a) and after chromatography on an mAb (llllE6)-Sepharose-4B column (b). The AF was bound onto Sepharose 4B to which the mAb llllE6 was covalently linked. The bound factor was eluted by a pH shift, as described in text. Original magnification x 65,000. Bars = 0.2 tm. Binding of 1111E6 to the AF was pncven by a direct approach, applying an immunoelectron microscopical procedure. The detergent-treated AF was incubated first with control mouse IgG ( Figure  5a ) or with mAb III1E6 (Figure  5b ), and second with protein A-gold to detect the AF-antibody complex.
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As shown in Fig- ure 5, only AF molecules that had been pre-incubated with III1E6 became decorated with gold particles.
Effect ofmAb 1111E6 on AP-Collagen Interaction
The data summarized in the previous sections show that III1E6 binds to the core structure of the AF, as well as to its free arms, without interfering with cell-cell interaction.
As a first approach to eluci- Figure 5 . In situ visualization of binding of mAb lIIlE6 to the core structure of AF. The detergent-treated AF (not pro-treated with SOS) was incubated with either control mouse lgG or mAb lIllE6. Then this material was reacted with protein A-gold.
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The non-bound protein A-gold was removed by centrifugation (24) Incubation time (mm) Figure 7 . Association of the AF with native collagen fibrils. (a) 300 tg of collagen was dissolved in 100 tl of 100 mM Tris-HCI buffer (pH 9.0) and added to 2.9 ml of AF (10 tg), suspended in CMFSW. After a b-mm incubation period (20#{176}C), the samples were centrifuged (300 x g, 5 mm, 2#{176}C) and subjected to electron microscopic inspection; (b) the same experiment as in a, with the axception that the AF was pre-incubated (12 hr, 4#{176}C) with the mAb llllE6 (3 sg). Large arrow, collagen fibril; small arrow, AF.
Original magnification x 50,000.
The conclusion drawn from these experiments, that III1E6 interferes with the binding site at the AF for collagen, was supported by the cell attachment studies summarized in Figure  6 . The results
show that Geodia archaeocytes bind only to the collagen substrarum in the presence of AE The binding process is completed after a 60-mm incubation period. Ofthe two mAbs selected, only III1E6
was able to abolish attachment of the cells.
Influence ofmAb 1111E6 on AF-Collagen Binding
The ability of the AF to bind to collagen could be directly visualized by electron microscopic techniques. Using native collagen fibnils, the AF bound readily to these structures ( Figure  7a ). This collagen-AF association could be completely prevented by coincubating the AF with mAb IIllE6 (Figure  7b ). the immunocomplex was visualized after reacting with protein A-gold ( Figure  9b ).
Sequential Interaction: Collagen Assembly

Factor-Collagen-A F
Previous studies have revealed that Geodia cells also interact with collagen via a collagen assembly factor (12, 13) .
To clarify the se- Native collagen fibrils were incubated at 20#{176}C for 4 hr (a) or 8 hr (b) (shadowed with platinum), or for 0 hr (C) and 4 hr (d) in the presence of 1 M NaOH (negative staining).
Electron microscopic view. Arrow, collagen fibril in the process of disintegration.
Original magnification x 130,000. Bars = 0.2 rim.
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GRAMZOW, SCHRODER, UHLENBRUCK, BATEL, MULLER quence of the recognition reactions between the factor, collagen, and the AF. purified collagen assembly factor was immobilized on nitrocellulose filters b a blotting procedure ( Figure  10) . Transfer Figure   10 . Bb). The same mAb was also shown not to recognize the band corresponding to the collagen assembly factor, after incubation of the blots with the AF ( Figure  1OC ) or the collagen ( Figure  1OD ) 20#{176}C) . 10 ag of the AF was incubated together with 40 ig of collagen fragments for 10 mm at 20#{176}C in a total volume of 0.5 ml (CMFSW).
Then the material was centrifuged (10,000 x g; 5 mm, 2#{176}C) and analyzed electron microscopically (a). The sample shown in (b) was additionally treated with 5 tl of mAb llllE6 (2 tg) at 2#{176}C for 2 hr and then with protein A-gold (24) Figure 10 . Sequential association of collagen assembly factor, collagen, and AF by means of immunoblotting procedure. The purified collagen assembly factor was electrophoresed on a 15% polyacrylamide gel under denaturing conditions and either directly stained with Coomassie Brillant Blue (A) or was transferred to nitrocellulose sheets (B-E). The blots were incubated for 2 hr at 37#{176}C in the absence of any further components (B) or in the presence of AF (C), or in the presence of partially hydrolyzed collagen (D), or first in the presence of partially hydrolyzed collagen (1 hr) and second with AF (1 hr)(E). Then the blots were incubated with polyclonal antibodies anti-GM (B, a) or with mAb llllE6 (B, b; C-E). The immunocomplexes were visualized by a secondary antibody. Further details are given in Methods. Arrows mark the positions ofthe following protein standards, which were run in parallel gels: 1, concanavalin A (protomer; Mr 25,500); 2, trypsin inhibitor(Mr 21,500); 3, cytochrome C (Mr 12,500); and 4, aprotinin (Mr 6500). 
